This paper attempts to quantify the perception of tense vowel /i/ and lax vowel /I/ in American English by native speakers and Chinese learners and testify if Chinese learners also rely more on acoustic features than duration to differentiate the minimal pair /i/-/I/ in the phonetic system of American English. Based on the related phonetic studies in second language learners (SLLs), the perceptual assimilation model (PAM) and the speech learning model (SLM) were adopted to discuss the effect of intensive language exposures on the perception of English phonemes among Chinese learners. To quantify the effects of the ILE on the perception pattern of the SLLs, two English phonetic continuums were constructed for a tense-lax vowel contrast /i/ and /I/. Then, three groups of subjects, involving 60 English major students and 10 native speakers, received two identification tests and one discrimination test. The test results reveal that the native speakers and the SLLs relied on different acoustic cues to distinguish between /i/ and /I/. The former mainly depended on formant distribution, while the latter on duration. Besides, it is also concluded that the ILE enabled the SLLs to develop a similar perception pattern to that of the native speakers. The research sheds new light on the acquisition of second language among Chinese learners.
Introduction
Biologically, language is a special feature that differentiates humans from other species. Like any other behaviour, the language behaviour is ultimately controlled by the brain. In our brain, there are specific and separate representations for the seemingly abstract aspects of language competence. To understand the biology of language, it is necessary to identify the brain regions related to language perception and production.
Much of our knowledge on the language mechanism in brain comes from post-mortem examinations of aphasic patients. For normal speakers, word frequency only affects the retrieval speed of open-class words, but not closed-class words. By contrast, both classes of words are sensitive to the frequency for aphasic patients. Some aphasics suffer from categoryspecific dissociations, that is, they may understand all classes of words save one. These results show that language is processed in certain parts of our brain, an important hint for the brain's retrieval and perception of English phonemes among second language learners (SLLs).
According to psycholinguists, our brain has a limited storage of resources. The process of language information involves the trade-off between working memory and permanent memory. Therefore, the information from any sensory organ needs to be matched with the information retrieved from the permanent memory. The information matching is essentially a pattern recognition process. For instance, the acoustic cues in speech signal must be identified in order to recognize sounds. Strange (1979) and Klatt (1976) put forward qualitative and quantitative dimensions to distinguish between tense and lax vowels. Inspired by their work, Neary (1989) further defined the qualitative dimension as the acoustic features of vowels (i.e. the first and second formants), and the quantitative dimension as the internal duration or context-depending duration. Thus, acoustic features and duration are two main discriminants for tense and lax vowels.
In Chinese phonetic system, there is only one front high vowel: /i/. In English phonetic system, however, there is a pair of front high vowels, including a tense vowel /i/ and a lax vowel /I/. As stated by Scobbie (1998) and Nittrouer (2000) (from Paola Escudero, 2000) if a minimal pair of sounds can be differentiated by more than one acoustic information function, native speakers can distinguish between them with the default phonetic information in their language, and figure out which is the dominant sound and which is the secondary one. Through an experiment, Paola Escudero (2000) suggested that native English speakers rely more on acoustic features than duration to make a distinction between tense vowel /i/ and lax vowel /I/.
In light of the above, this paper attempts to quantify the perception of tense vowel /i/ and lax vowel /I/ in American English by native speakers and Chinese learners using the acoustic features and duration, and testify if Chinese learners also rely more on acoustic features than duration to differentiate the minimal pair /i/-/I/ in the phonetic system of American English.
If the results show that Chinese learners make significant progress on perception the minimal pair /i/-/I/ after intensive language exposure (ILE), the proposition of the speech learning model (SLM) will be proved valid. The proposition goes that: the SLLs still have access to the contrast (the contrast) in the target language (L2), after surpassing the critical period. In other words, the language acquisition mechanism of these learners is feasible and can be reestablished on intensive exposure to the L2. Therefore, the thesis statement can also be expressed as: quantifying how the ILE of the SLLs affects their cognitive perception pattern of the minimal pair /i/-/I/ in American English.
Literature Review
Theoretical model on speech perception Best and Fledge are two heavyweights in the field of speech perception. In 1994, Best presented the perceptual assimilation model (PAM), holding that the SLLs assimilate the contrast of the L2 in light of the phonetic system of their native language (L1). The model also classifies the contrasts of the L2 into 3 different categories by assimilation difficulty. Each of the 3 categories corresponds to a level of difficulty. In the PAM, the SLLs classify the contrast in the L2 depending on the similarity or discrepancy between native and non-native sounds, and the classification results determine the assimilation of the contrast to the native categories. The 3 kinds of assimilation in the PAM are described below: 1) Two-category assimilation (TC): It will be easy for a SLL to discriminate between the two sounds of an L2 contrast when each one is mapped onto a different L1 category.
2) Category goodness assimilation (CG): There will be moderately good discrimination for the two sounds of an L2 contrast that is mapped onto the same L1 category but with different degrees of goodness.
3) Single-category assimilation (SC): The difference between the two sounds in an L2 contrast will be difficult to perceive if they are both mapped onto a single L1 category with equal degrees of goodness.
According to the contrastive analysis hypothesis (CAH) (Lado, 1957) , cross-language differences may hinder the learning of an L2. Following this hypothesis, the SLLs are expected to have more difficulties in learning an L2 sound if there is no equivalence in the L1. In the SLM, Fledge held that the CAH only applies to the early phase of L2 learning. In the later phase, the SLLs become so familiar with the phonetic system of the L2 that they are likely to discern between the sounds of the target and the L1s if the difference is sufficiently large (Fledge, 1995) .
The SLM suggests that the L2 sound and its similar L1 sound will be combined as a diaphone category, and serve as an intermediate between L1 and L2 sounds. In the mentalist eISSN 1303-5150 www.neuroquantology.com model, the language-specific sounds are represented in long-term memory, that is, the representations of the L1 sounds constitute the phonetic categories. Unlike the CPH, the SLM argues that the L1 acquisition mechanism remains largely intact across the lifespan, and that the SLLs' perception and production hinge on the following factors: the L1 state at the start of the L2 learning, the continued use of the L1, and the quality and quantity of L2 input. Fledge et al. have proved the impact of these factors in various languages. For instance, Fledge and Bohn (1997) experimentally revealed that the SLLs can make more progress on perception and production thanks to extensive English experience. The SLM also illustrates how L2 sound perception varies with the experience of the SLLs. During the acquisition of the L2, the perceived relation between L1 and L2 vowels may change if the speech perception process remains malleable or new phonetic categories are created for certain L2 vowels (Fledge, 1995) . Hence, the SLLs with more exposure to the L2 tend to establish certain L1 categories for L2 vowels, making it easier to perceive these vowels.
The critical period hypothesis (CPH) claims that it is too difficult, if not impossible, for adult SLLs to learn L2 phonetic categories. The SLM offers opposite evidence to the CPH, laying a solid theoretical basis for our research. As mentioned before, the Chinese phonetic system has only one front high vowel: /i/, while the American English phonetic system has a phonemic contrast between tense vowel /i/ and lax vowel /I/. The two vowels differ in both spectrum and duration. Previous studies have shown that, with proper language training, Chinese students can adjust their L1 phonetic system and achieve TC assimilation, the easiest mode under the PAM (Sun, 2005) . Hence, it is reasonable to expect that Chinese students may differ from native speakers in the use of the two acoustic cues. With sufficient familiarity, it is possible for them to perceive the vowel contrast like a native speaker.
The Learnability of the L2 sounds based on PAM and SLM
The SLM highlights the difficult in the perception of L2 sounds. It is suggested that the SLLs are unlikely to formulate a new category for an L2 sound, if it is very similar to an L1 sound. Of course, the model also holds that the SLLs can, in principle, acquire L2 sound contrasts, and perceive them like a native speaker. As for the PAM, the model predicts the discriminability of L2 sound contrasts, but fails to explain how adult SLLs obtain the native-like perception pattern.
According to previous research, adult SLLs need to learn from the native speakers about the acoustic cue weighting of L2 sound contrasts, so as to acquire a native-like perceptual pattern. The weighting refers to the decision on which cue is primary and which is secondary. The acoustic cues should be integrated before perceiving the L2 sound contrasts.
In summary, SLM and PAM agree that SLLs are capable of learning new sound contrasts in the L2. Fledge (1995) attributed the initial failure of perceiving the L2 sound contrast to the absence of the contrastive information of the L2 in the L1 sound system. However, the SLLs can perceive the new sound contrast once they access the relevant information. Best also suggested that the SC can be split into TC, allowing the SLLs to perceive L2 sound contrast.
Previous studies
As mentioned before, the Chinese phonetic system has only one front high vowel: /i/, which precludes the existence of tense/lax contrast. Similarly, the Spanish phonetic system also has no tense/lax contrast. The only front high vowel in Spanish is /i/. Thus, the experiments on Spanish may provide empirical evidence for our research. Fledge et al., (1997) investigated the effect of language experience on SLLs' perception of the tense/lax vowel contrast of /i/-/I/ in English. The collective effect of different L1 backgrounds and L2 exposures were measured with the synthesized tense/lax vowel contrast /i/-/I/ continuum as the stimuli. The SLLs, as native speakers of Spanish, Chinese, Korean and German, were divided into inexperienced and experienced groups based on the length of their residence in the US. The results show that experienced Chinese learners perceived beat-bit contrast significantly differently from inexperienced one. First, these learners relied more heavily on spectrum cue than inexperienced ones to identify vowels in the beatbit continua; second, the dependence on spectrum cue is negatively correlated with that on the duration cue. Overall, the experienced learners borne more resemblances to native speakers than inexperienced ones. The result agrees well with the predictions of the SLM and PAM, that adult SLLs are capable of learning L2 vowel contrasts like a nativ eISSN 1303-5150 www.neuroquantology.com
Paola Escudero (2000) explored the acoustic cue weighting of English tense/lax vowel contrast /i/-/I/ among Spanish learners of Scottish English, using two continuum of English tense/lax vowel with varied durations and spectrums. Based on the results, the scholar divided the utilization of acoustic cues into four stages: In stage 1, the Spanish learners cannot categorize /i/-/I/ correctly due to the lack of access to duration cue; In stage 2, the learners only utilize the duration cue; In stage 3, both duration and spectrum cues are used in a nativelike way to perceive the vowel contrast. Note that the subjects were selected without considering their English proficiency; the subjects differed in age (18~58) and occupation, but all lived in Edinburgh and started L2 learning as adults.
Sun (2005) investigated the effect of English training on Chinese learners' perception of the tense/lax vowel contrast /i/-/I/ in American English. In the investigation, the durations of heed and hid produced by native speakers were manipulated, while the spectrum quality was kept constant. The following conclusions were drawn from the investigation. First, Chinese learners relied less on duration cue to identify English vowels after the training; Second, Chinese learners succeeded in recategorizing their L1 vowel system, creating a new category; Third, unlike native speakers, Chinese learners, with or without training, always depended on duration to identify the heed or hid continuum; Fourth, the duration of L2 training is positively correlated with the Chinese learners' ability to perceive English tense/lax vowel contrast /i/-/I/.
Through an experimental research, Yangfeng and Wu Shiyu (2015) concluded that the SLLs cannot distinguish some L2 contrasts, owing to the interference in their L1 phonetic system. The resultant instable storage of L2 lexical items further decreases the accuracy of oral lexical expression.
To sum up, the existing studies have not quantified the SLLs' L2 exposure, or presented refined criteria for subject selection. To make up for the gap, this paper aims to quantify the ILE through a 1-year long, 16 hour-per-week American English course, lectured by native speakers, for Chinese college students.
Research hypotheses
In view of the two perception models and relevant studies, the author put forward two research hypotheses: (1) the Chinese students differ greatly from the native speakers in the mean percentage of correct identification of tense/lax vowel contrast when only the duration is manipulated; (2) the native speakers differed greatly from the Chinese students with no L2 ILE, but not those with L2 ILE, in the mean percentage of correct identification of tense/lax vowel contrast when only the spectrum cue is manipulated.
Methods
Our experiment on speech perception consists of two parts: the identification test and the discrimination test. In the identification test, the subjects were required to judge whether the synthetized stimuli they heard was item A or item B. The two items were created to testify the research hypotheses. In the discrimination test, the adjacent stimuli were concatenated, and the subjects were asked to decide if these pairs of stimuli were the same or different. The two tests are detailed in the following paragraphs.
Identification test (test 1)
(1) Subjects The subjects were divided into three groups. The first group contained 10 native speakers of American English (5 males and 5 females) from Xinjiang Normal University. These native speakers spoke standard American English and had no problem with hearing.
The second group consisted of 30 Chinese college students (10 males and 20 females). They were freshmen in English major of Xinjiang Normal University. Since they only received two English classes lectured by native speaker each week, these students were defined as Chinese learners without ILE. This group of students had no problem with hearing or vision, and agreed to participate in our experiment.
The third group was composed of 30 Chinese college students (10 males and 20 females). They were juniors in English major of Xinjiang Normal University. Since they received 16 English classes lectured by different native speakers each weak, these students were defined as Chinese learners with ILE.
(2) Stimuli Two continua were synthesized to measure whether the Chinese students rely primarily on the duration cue in the /i/ continuum or /I/ continuum. The first continuum shortens the eISSN 1303-5150 www.neuroquantology.com duration of /i/ (heed) without changing other factors, while the second one lengthens the duration of /I/ (hid). The stimuli were synthetized in the following manner. First, two native speakers (one male and one female) from the first group read the words "heed" and "hid" and their pronunciations were recorded by the phonetic software Pratt 4.1. Second, the original male stimulus "heed" in the recorded file was played. Third, the button "To Manipulation" was clicked to enter the "Manipulation 'heed'" interface. Fourth, the button "Edit" was clicked to enter the "Duration manipulation" dialog box. Fifth, the whole dialog box was selected, and the button "duration" was clicked to enter the "Add duration point" dialog box. Sixth, "1.0" was inputted to the "Relative duration" in the dialog box. Seventh, the button "Publish resynthesis" was clicked to produce the first synthesized male stimulus "heed".
The second male stimulus was obtained by adding 0.92 to the natural "heed" in the same way as the first synthesized male stimulus. In this way, seven stimuli were synthesized from "heed" with an 8% duration difference between adjacent stimuli, forming a synthesized "heed" continuum.
Similarly, the first male stimulus of "hid" was synthesized by adding the relative duration of 1.0 to the natural "hid" pronounced by a male native speaker, without changing the other acoustic information. The second male stimulus was obtained by adding 0.08 to the first synthesized stimulus. In this way, seven stimuli were synthesized from "hid" with an 8% duration difference between adjacent stimuli, forming a synthesized "hid" continuum.
The female "heed" and "hid" continua were synthesized in the same way as the male ones. Finally, 28 stimuli were prepared for the first identification test (Table 1) (3) Test procedure The 28 stimuli were randomized in the computer by the psychological software E-Prime. Prior to the experiment, a sound playing program had been designed in the software. Following the program, the synthesized male stimuli were played in the following sequence: heed1, heed3, heed5, heed6, heed7, hid1, hid3, hid5, hid4, hid2, hid6 and hid7. Then, the synthesized female stimuli were played in the following order: heed2, heed5, heed4, heed1, heed3, heed6, heed7, hid2, hid5, hid4, hid1, hid3, hid6 and hid7.
The Chinese students and native speakers were presented with Chinese and English instructions on the experiment, respectively. Then, the subjects listened to the stimuli with high-quality earphones in a quiet room. Upon hearing a stimulus, they should determine if it was heed or hid by pressing the button on the keyboard. For each stimulus, the answer and corresponding reaction time were recorded automatically by E-prime. Finally, the test results were converted into SPSS 11.0.
Identification test (test 2)
(1) Subjects The subjects were identical as those in the first identification test.
(2) Stimuli The native speakers were invited to read the words "heed" and "hid". Based on the mean endpoint values of the first and second formants produced by five male Americans, the first male stimuli of "heed" was synthetized by setting the start point and the end point of the first formant as 340Hz and 370Hz, respectively, and those of the second formant as 2,200Hz and 2,000Hz, respectively. Next, the second stimulus of "heed" was created by adding 20Hz to the endpoints of the first formant, and subtracting 50Hz from the endpoints of the second formant. In this way, 7 stimuli were produced for male pronunciation of "heed" with 20Hz between the endpoints of the first formant and 50Hz between the endpoints of the second formant.
The female stimuli of "heed" were synthesized in the same way as the male stimuli. The only difference lies in the endpoint values of the first and second formants: the start point and the end point of the first formant were set to 370Hz and 430Hz, respectively, and those of the second formant were set to 2,700Hz and 2,600Hz, respectively.
Based on the mean endpoint values of the first and second formants produced by five male Americans, the first male stimuli of "hid" was synthetized by setting the start point and the end point of the first formant as 480Hz and 500Hz, respectively, and those of the second formant as 1,950Hz and 1,650Hz, respectively. Next, the second stimulus of "hid" was created by adding 20Hz to the endpoints of the first formant, and subtracting 50Hz from the endpoints of the second formant. In this way, 7 stimuli were produced for male pronunciation of "heed" with eISSN 1303-5150 www.neuroquantology.com 74 20Hz between the endpoints of the first formant and 50Hz between the endpoints of the second formant. In this way, 7 stimuli were produced for male pronunciation of "hid". The female stimuli of "hid" were synthesized in the same way as the male stimuli. The only difference lies in the endpoint values of the first and second formants: the start point and the end point of the first formant were set to 470Hz and 520Hz, respectively, and those of the second formant were set to 2,400Hz and 2,200Hz, respectively. In total, 28 stimuli were produced for the second identification test (Table 2) .
(3) Test procedure For the 28 stimuli, the interval between two adjacent stimuli was filled with an irrelevant vowel /a/. Then, the 28 stimuli were randomly presented to all subjects at once. The subjects, wearing high-quality earphones, were required to determine if the vowel they heard was /i/ or /I/ by pressing the button on the keyboard. For each stimulus, the answer and corresponding reaction time were recorded automatically by E-prime. The test includes an intensive listening section and an extensive listening section. Finally, the test results were converted into SPSS 11.0 for statistical analysis.
Discrimination test (test 3)
(1) Subjects The subjects were identical as those in the identification tests.
(2) Stimuli The stimuli of test 2 were concatenated by Pratt 4.1 by adding 300ms and an irrelevant vowel /a/ between each two adjacent stimuli. Then, the two adjacent stimuli in each set were concatenated in both the sequential order, denoted as L1-2, and the reverse order, denoted as S2-1. Thus, a total of 48 stimuli were synthesized for the discrimination test (Figure 1) . Before the test, the subjects received a practice session of 4 stimuli. The Chinese students and native speakers were presented with Chinese and English instructions on the experiment, respectively. Then, the 28 stimuli were randomly presented to all subjects by E-Prime. In a quiet room, the subjects, wearing high-quality earphones, were required to determine if the sounds they heard were the "same" or "different" by pressing the button on the keyboard. For each stimulus, the answer and corresponding reaction time were recorded automatically by E-prime. The test still includes an accurate listening section and a speed listening section. Finally, the test results were converted into SPSS 11.0 for statistical analysis.
Results and Discussion
In this chapter, the symbol "L" stands for the long vowel /i/ in "head", and "S" refers to the short vowel /I/ in "hid".
Identification results
(1) Results of test 1 As shown in Figure 2 , Chinese students and native speakers identified the tense vowel /i/ and lax vowel /I/ in American English based on different acoustic cues. The percentage of Chinese students that correctly responded to "heed" decreased dramatically as the duration shortened with other attributes remained constant. The percentage of them that correctly responded to "hid" also exhibited the same trend as the duration lengthened with other attributes remained the same. Nevertheless, the percentage of native speakers that correctly responded to "heed" or "hid" was largely consistent as the duration changed with other attributes remained unchanged.
Therefore, the author testified the first hypothesis that the Chinese students differ greatly from the native speakers in mean percentage of tense/lax vowel contrast, i.e. /i/ and /I/, when only the duration is manipulated. Here, Chinese students mainly relied on the duration cue, while native speakers did not. Of course, it is dangerous to rush to the conclusion that native speakers do not use the duration cue to differentiate between /i/ and /I/. According to the test results, the reaction time of native speakers to each stimulus in "heed" continuum and "hid" continuum was not eISSN 1303-5150 www.neuroquantology.com identical, despite the mean percentage of correct reaction was always 100%. The inconsistency is particularly pronounced in the middle part (stimulus 4 or 5), where the reaction time exhibited a slight upward trend. Then, a one-way analysis of variance (ANOVA) was performed to discuss the effect of each group on the identification of the contrast. The significance level was set to p<0.01. The Turkey's honest significant difference (HSD) shows that both groups of Chinese students differed significantly from native speakers (p<0.01), and that the Chinese students with the IEE were significantly different from the Chinese students without the IEE (p<0.01).
After that, another one-way ANOVA was carried out to reveal the effect of each group on the reaction time in both accurate and speed listening sections. The analysis demonstrates a significant difference between native speakers and Chinese students (p<0.001). Besides, the Turkey's HSD evidences the significant difference between the Chinese students with the IEE were significantly different from the Chinese students without the IEE (p<0.01).
(2) Results of test 2 The test results suggest that the native speakers mainly relied on the spectrum cue to differentiate between tense vowel /i/ and lax vowel /I/. Their mean percentage of correct response to the two vowels decreased dramatically as the spectrum attribute was altered while other attributes remained the same. The same trend applies to the Chinese students with the ILE. By contrast, the Chinese students without the ILE did not show significant decrease in the mean percentage of correct response or the reaction time under the same condition.
Therefore, it is concluded that the Chinese students without the ILE were at the level of chance when they were required to use spectrum cue to identify tense and lax vowel continua. However, the Chinese students with ILE showed a systematic change when the spectrum attribute was altered systematically while the other attributes were kept constant. Their reliance on the spectrum cue was close to that of native speakers. The conclusion is similar to that of test 1. In test 1, the Chinese students mainly relied on the duration cue to identify the tense-lax vowel contrast /i/-/I/; among them, those without the ILE relied more heavily on the duration cue than those with the ILE.
As mentioned before, the tense and lax vowels in American English are mainly distinguished by two acoustic cues: duration and spectrum. The duration cue is a sub-phonemic and redundant feature of the vowel contrast, while the spectral cue is a phonemic feature. Since there is no tense-lax vowel contrast in Chinese, the students had to learn how to integrate these two cues in the identification of tense-lax vowel contrast. The identification tests suggested that the Chinese students with ILE were close to the native speakers in integration of duration and spectrum cues.
The results of test 3
The data were transformed into percentage of the "same" by computing the variables on SPSS11.0. The same response was converted to 100%, and the different response was converted to 0%. The results of two subjects in each group were deleted because their answers did not satisfy the experimental requirements. Below is an introduction of the results of the intensive listening section.
The test results demonstrate that the native speakers shared a similar tendency with Chinese students in the mean percentage of the same under the manipulation of the spectrum cue. This means the discrimination of the tense/lax vowel contrast /i/-/I/ is independent of the identification tests. Moreover, the percentage of the same reveals that the Chinese students and native speakers had a categorical tendency in both accurate and speed listening sections. However, the tendency is not the same as the categorical perception in consonant. For the latter, there exists only one peak, and it is difficult to discriminate the adjacent stimuli in the same category. In this test, there was more than one peak below 50% in the mean percentage of same. The native speakers and Chinese students exhibited sharp peaks between stimuli 2 and 3, 3 and 4, as well as 4 and 5. In comparison, the native speakers had a greater percentage than the Chinese students. This is consistent with the identification tests, in which the native speakers exhibited a steeper variation in the mean percentage of correct response with the manipulation of the spectrum cue. Then, a one-way ANOVA was carried out to disclose the effect of each group on the discrimination of the vowel contrast in sequence and reverse orders. The significance level was set to p<0.05. According to the intersection of the three lines in Figure 2 , there was no significant difference between the native speakers and the Chinese students, or between the two Chinese groups. Hence, the Chinese students and native speakers behaved homogenously in discriminating the vowel contrast.
After that, another one-way ANOVA was performed to reveal the effect of each group on the reaction time in both intensive and extensive listening sections. The analysis demonstrates a significant difference between native speakers and Chinese students (p<0.001).
Besides, the Turkey's HSD implies the difference in the sharpness of percentage and reaction time between the native speaker and the Chinese students, despite the lack of major difference in the mean percentage of same. In other words, the discrimination accuracy of the Chinese students was lower than that of native speakers when the spectrum cue was changed while the other attributes were the same. It is also learned that the Chinese students with the ILE were more sensitive to spectrum cue than the Chinese students without ILE. The conclusion is consistent with that of test 2. The one-way ANOVA results of the accurate listening section are presented below.
The results reveal that the Chinese students without the ILE failed to identify the vowel contrast categorically, but they tended to develop a categorical way for discriminating adjacent stimuli along the /i/-/I/ continuum when the spectrum cue was manipulated. Thus, the discrimination of vowels may be used on more universal auditory factors (Fledge, Munro and Fox, 1995) . However, the categorical tendency is not identical as the categorical perception of consonants. As mentioned before, there exists only one peak in the categorical perception of consonants, and it is difficult to discriminate the adjacent stimuli in the same category. In this test, both the Chinese students and the native speakers had more than one peak below 50% in the mean percentage of same, and could discriminate the adjacent stimulus within the same category.
However, the one-way ANOVAs on the reaction time show a significant difference between the Chinese students and the native speakers. This means the native speakers were more sensitive to the change of the spectrum cue. 
Conclusions
In both the second identification test and the discrimination test, there were peaks within and between categories. Comparing the first identification test and the discrimination test, it is learned that the subjects had a greater categorical tendency in isolated vowel continuum. A possible reason may lie in the difference in test conditions. In both the second identification test and the discrimination test, the adjacent stimuli were partially filled with an irrelevant vowel /a/, which may decrease the auditory memory for vowel perception, and increase the categorical tendency. These results can be explained by some previous research into categorical perception. Focusing on a vowel continuum of /i/-/I/-/e/, Rep et al., (1984) pointed out that intervening sound produces a decrease in discrimination performance, and makes perception more categorical. Some scholars studied the perception of vowel and stop consonant by changing the temporal between stimuli. Their research showed that the discrimination performance on stop consonant had little to do with the test condition, while that on vowel continuum was heavily affected by the test condition. This means stop consonant is a typical classical categorical perception that is immune to the test conditions, while the vowel perception is a continuous process in which auditory memory could be reduced or expanded through experimental technique, thus changing the degree of categorical perception.
This research also supports the SLM in that the SLLs may be able to perceive nonphonemic features with the accumulation of their L2 experience. Meanwhile, the research results go against a deduction of the SLM. The model claims that the SLLs can only form a new sound category and achieve native-like perception through the perception of sub-phonemic features. In our research, the Chinese students without the ILE learned to use the sub-phonemic feature of duration cue to identify the tense/lax contrast /i/-/I/, but not in a native-like way. Thus, it is not enough to perceive the sub-phonetic information that distinguishes sound contrasts in the L2.
It may seem that the sub-phonemic information has a relatively important effect on the perception of contrasts. For example, a phonological distinction is most likely to be signalled by a number of different acoustic cues (Repp, 1984) . Nonetheless, the diverse acoustic cues have different effects on the overall perception of phonemic contrasts (cue weighting). The SLLs also need to know the effect of these cues is for native speakers so as to develop nativelike perception. That the Chinese students with ILE developed a perceptual pattern close to that of native speakers is attributable to the moderate use of the duration cue (sub-phonemic feature) and the gradual realization of the primary cue in the differentiating of the vowel contrast.
